Although the pharmaceutical industry has historically generated higherthan-average profits, manufacturers frequently point to the U.S. tax system as an impediment to meaningful innovation and expansion of domestic infrastructure. Yet in recent years, large U.S. drug manufacturers have generated controversy by seeking mergers with foreign firms -so-called tax inversions, which involve movement of a corporation's legal headquarters to a country with a lower tax rate than the U.S. -and have been criticized for keeping substantial revenues tied up overseas rather than "repatriating" the funds back to their U.S. operations, where they would be subject to U.S. taxes.
The passage of the Tax Cuts and Jobs Act from the Republican-led Congress will heavily impact these issues. Three central components of the Act are a reduction in the U.S. statutory corporate tax rate, a onetime repatriation tax holiday for foreign holdings of U.S. corporations, and a switch to a territorial system for taxation for multinational corporations. For corporations with more than $10 million in annual revenue, the Act lowered the maximum tax rate from 35% to 21%. It also allows repatriation of corporate foreign profits at markedly reduced rates of 14.5% for cash holdings and 7.5% for non-cash holdings. Finally, the U.S. system of corporate taxation has been converted from a worldwide system (in which foreign revenues were subject to U.S. taxes) to a territorial system (in which only domestic revenues are subject to U.S. taxes). By making these changes to the tax code, the Act purports to stem inversions by U.S. corporations and stockpiling of revenues overseas.
So how will such changes affect large pharmaceutical manufacturers? The top eight U.S.-based pharmaceutical manufacturers by reported 2016 gross revenue were Johnson & Johnson, Pfizer, Merck, Gilead, AbbVie, Amgen, Eli Lilly, and Bristol-MyersSquibb. After obtaining gross revenues and effective tax rates for each corporation from publicly available annual reports and 10K filings, we estimated what these manufacturers' 2016 federal tax liability would have been under the Act by adjusting the baseline tax rate from 35% to 21% with all else held constant. By doing so, we preserve the effect of major tax incentives for pharmaceutical manufacturers, including the research and experimentation tax credit, the orphan drug tax credit, and the credit for taxes paid to foreign jurisdictions. Though the orphan drug tax credit was reduced in the Act from 50% to 25% of qualified research expenditures, it accounted for only $1.76 billion industry-wide in 2016. 1 The top eight manufacturers earned a median of $28.0 billion in gross revenue in 2016 (interquartile range [IQR] $22.5-$43.1 billion) ( Table 1) . Median income before taxes was $8.1 billion (IQR $5.6-$11.1 billion). A flat corporate tax on this amount at the statutory rate of 35% would have resulted in a median payment of $2.8 billion per manu-
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Aaron Kesselheim serves as the editor for Health Policy Portal. Dr. Kesselheim is the JLME editor-in-chief and director of the Program On Regulation, Therapeutics, And Law at Brigham and Women's Hospital/Harvard Medical School. This column features timely analyses and perspectives on issues at the intersection of medicine, law, and health policy that are directly relevant to patient care. If you would like to submit to this section of JLME, please contact Dr. Kesselheim at akesselheim@bwh.harvard.edu. facturer (IQR $2.0-$3.9 billion). By comparison, the median reported effective tax rate in 2016 was 17.7% (IQR 15.6-21.8%), resulting in a median of $1.4 billion in taxes (IQR $1.0-$2.3 billion). Starting with a new statutory tax rate of 21% under the Act, the median effective tax rate for 2016 drops to 10.6% (IQR 9.4-13.1%) based on 2016 tax deductions per company -an estimated median tax obligation of $855 million (IQR $0.6-$1.4 billion). Our model therefore arrived at a median tax savings of $570 million per company. Of note, the effective tax rate includes only taxes on domestic revenue; manufacturers obtained deductions on their U.S. tax bill due to taxes paid to foreign governments. 2 A 2017 report found that these eight manufacturers held approximately 90% of all 2016 and 2017 cash holdings abroad. 3 Next, we examined the economic impact of repatriating overseas revenues using two data sources for overseas holdings. According to those reports, the manufacturers in our cohort held a median of $22.2 to $37.1 billion in assets abroad in 2016. 4 If all overseas holdings were in cash and were repatriated, the one-time repatriation under the Act would generate a median of $3.2 to 5.4 billion per manufacturer (Table  2) . This estimate represents a ceiling, because foreign non-cash holdings are repatriated at a lower rate and may include certain assets -such as real estate or manufacturing equipment -that are not amenable to repatriation.
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Proponents of repatriation tax holidays assert that foreign earnings of U.S. corporations could be brought back for research and development, domestic jobs, and infrastructure. five corporations held a median of $19.6 billion overseas and repatriated a median of 69% of those funds. 5 At a nearly three-fold higher repatriation rate under the Act, major pharmaceutical manufacturers are likely to repatriate a smaller percentage of overseas revenues than they did in
2004.
Several other themes emerged among major corporations repatriating funds in 2004: lost U.S.-based jobs and decreased research and development expenditures coupled with increased executive compensation, stock buybacks, and shareholder distributions. 6 This occurred in spite of federal regulations at the 
*All values in $ millions
The top eight U.S.-based pharmaceutical manufacturers by reported 2016 gross revenue were Johnson & Johnson, Pfizer, Merck, Gilead, AbbVie, Amgen, Eli Lilly, and Bristol-MyersSquibb. After obtaining gross revenues and effective tax rates for each corporation from publicly available annual reports and 10K filings, we estimated what these manufacturers' 2016 federal tax liability would have been under the Act by adjusting the baseline tax rate from 35% to 21% with all else held constant.
time prohibiting the use of repatriated funds for such purposes. Yet the 2017 legislation does not impose any such restrictions on repatriated funds. A new report from U.S. Senator Cory Booker (D-NJ) notes that although AbbVie, Amgen Merck, and Pfizer have already announced plans for share buybacks, and AbbVie, Pfizer and several other manufacturers plan dividend increases for 2018, none has announced an intention to lower drug prices. 7 The impact of the new tax law is likely to be felt for several years to come; although a territorial tax system limits the need for future repatriations by exempting foreign income from tax liability, the new law does not include sufficient protection against misuse. Unlike other countries with territorial tax systems, the Act may not go far enough to prevent U.S. corporations from utilizing tax avoidance mechanisms such as base erosion and profit shifting -a bookkeeping maneuver by which a multinational corporation shifts more profitable operations overseas while keeping less profitable ones in the U.S. and U.S.-based pharmaceutical manufacturers still have considerable incentive to undergo corporate inversion or otherwise relocate business operations overseas.
Reduced tax revenues may lead to future cuts in public funding of biomedical research, such as the allocations promised in the 21st Century Cures legislation through 2026. And although the pharmaceutical industry contributes substantial resources of its own to drug development, the National Institutes of Health and academic medical centers, supported by public funding, have historically been the origin of much transformative research that has led to drug innovation. 8 In the pharmaceutical industry, the Tax Cuts and Jobs Act will provide new tax savings to large manufacturers without commitment to invest in research and development.
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